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ABSTRACT

Asonlinecourseworkbecomemorepopular,studentswithdisabilitiesthatneedvocabularysupport
forreadingcomprehensionwillbeamongtheincreaseincyberschoolstudents.Researchershave
someevidencethatcertaintypesofvocabularysupportstrategiesaremoreefficaciousforstudents
withdisabilities.Thepurposeofthisarticleisdeterminingifwhatwasknownaboutstrategiesfor
supportingvocabularywasbeingappliedtoonlinelearningcoursework.Acontentanalysisoftypes
ofvocabularyandtypesofsupportstrategieswasperformedonsciencecoursesfromthreeonline
coursevendors.Theresultsofthisstudyindicateaneedforonlinecoursevendorstopaymoreexplicit
attentiontothetypesofwordssupportedandthestrategiestheyusetodosoandforthosewhosupport
onlinelearners(teachers,parents)tobemoreproactiveaboutvocabularysupportdeficienciesthat
arelikelytobepresentinthecourses.
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EXPLORING THE NATURE OF VOCABULARy SUPPORT 
IN ONLINE EARTH SCIENCE COURSES FOR SECONdARy 
STUdENTS WITH REAdING dISABILITIES

Vocabularyknowledgeisvitalforschoolsuccessgenerallyandreadingcomprehensionparticularly
(Jitendra,Edwards,Sacks,Jacobson,2011).Studentswithdisabilitiesthatdirectlyorindirectlyeffect
theirsuccessinreadingskilldevelopmentneedvocabularysupportbothtolearncontent(Harmon,
Hedrick,&Wood,2005)anddevelopdisciplinaryliteracyskills(Pullen,Tuckwiller,Konold,Maynard,
&Coyne,2010).Intraditionalclassroomenvironments,thereisevidencethatvocabularysupportis
nottakingplaceforallstudents(Greenwood,2002,2009,2010),especiallyinsubjectswithhighly
technicalvocabularies likescience(Kossack,2007).Infact40percentofstudents(regardlessof
disabilitystatus)cannotcomprehendsciencetextatgradelevel,whichmakesvocabularysupport
inthissubjectforstudentswhostruggleacademicallyvital(Hock&Deshler,2003).Inorderfor
vocabularysupporttobehelpful,however,decisionsmustbemadebycurriculumdesignersand/or
teacherstodeterminewhichwordsshouldreceivespecialattention.

Asonlinecourseworkbecomesanincreasinglyattractivelearningmodeinsecondarycontexts,
itbegsthequestionofwhetheronlinecoursecontentidentifiesvocabularyandthenprovidesproper
support.Thisprocessofselectingandthensupporting isespecially important forpopulationsof
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students who struggle in school, particularly in secondary school since subject matter expertise
becomesmoreprominentinbothteachingandlearning(Cess-Newsome,2002).Traditionally,online
courseswereconsideredmoreappropriateforstudentswhoareindependentaslearners(Barbour
&Reeves,2009).Increasingly,thosewhoarenotconsideredtobeindependentlearners,suchas
studentswithdisabilitiesarestartingtochoosetoengageinonlinecoursework.Thiscourseworkis
oftenconsideredregularcourseworkaswellascreditrecovery(Mackey,2008).

Thisstudyhadtwopurposes.Thefirstwastodeterminewhattypeofvocabularywereidentified
bycurriculumdevelopersofsecondaryearthscienceonlinecoursesasneedingsupport.Thesecond
purposewastoclassifythatsupportagainstwhatisknownaboutvocabularysupportforstudents
withdisabilities.Inordertoattendtothesepurposes,adirectedcontentanalysisofsupportedwords
fromearthsciencecoursesinthreedifferentonlinelearningenvironmentswasperformed.

FRAMING VOCABULARy SUPPORT FOR SCIENCE CONTENT

Corson(1984)proposed theconceptofa lexicalbar.Thisbar isessentiallya thresholdbetween
commonwordsinEnglishthatareusuallylearnedthroughoralcommunicationduringchildhoodand
theacademicwrittenlanguageinEnglishlearningeducationalsettings.Thisbar,Corsonobserved,is
easilycrossedbysomestudents,butforothers,itisadauntingtask.Foralmostallstudents,crossing
thelexicalbarrequiresinstructionthatexploresthelexicalnatureofacademicwrittenlanguage,
whichincludesvocabularyinstruction.Thepurposeofthissectionistodescribewhatittakestocross
thelexicalbarintermsofsciencevocabulary,explorethewaysinwhichwordsthathelpstudents
reachthelexicalbarareidentifiedforinstruction,andsummarizeresearchonvocabularysupport
strategiesforstudentswithdisabilities—agroupthathasparticulartroublecrossingthelexicalbar.

The Nature of Science Vocabulary
Fang(2005)summarizedkeylinguisticfeaturesofacademictext.Thosefeaturesareabstraction,
informationdensity(Eggins,1994),nominalization(Christie,2001),authoritativeness(Schleppegrell,
2001), and technical terms. The first three features have vocabulary components, but these are
alsoboundupinsyntacticstructures.Technicaltermsareeasiertoisolatefromtheirsurrounding
grammaticalcontext,althoughtheyarestilltiedtothepragmaticcontext.Atechnicaltermisany
wordthathasadiscipline-specificmeaning(Wignell,Martin,&Eggins,1993).Inaddition,technical
termsusuallyhavemeaningsderivedfromGreekandLatinroots(microorganism,phenotype),but
therearealsowordswithnon-vernacularuses.Thesewordsnotonlyhavemeaninginscience,butthey
alsohavemeaningsoutsideofsciencetext(Fang,2006).Table1providessomeexamplesofwords
withbothcommonandesotericsciencemeanings.Fangarguedthathighernumbersoftechnicalor
non-vernacularwordsorphrasesintextmakesthetextmoredifficulttounderstand.

ThewordsinTable1makevisiblesomeoftheissueswithtechnicaltermsinscience.Firstofall,
thedistancebetweenthecommontermandthetechnicaloneisoftengreat.Intheexampleofcleavage
thegeneralmeaningistocutorseparate,butthecommonmeaningisaparticularlydistractingonefor
adolescentstryingtolearnscience.Thecommonmeaningsofthewordmass(“takingcommunication
duringmass”or“buriedinamassgrave”)arealsoesotericandinsomecircumstances,students
mightnotknowthattermandsothewordmassmightbelessfamiliartosomestudentsthanothers.

Technicaltermsarealsodifficultbecausetheyoftenrelyoneachotherforcomprehension.In
theexampleabove,thewordmatterisusedtohelpdefinemass.Thesewordshavesharedfeatures
orconceptualizations,butarenotsynonyms.Matteristhe“stuff”;massisthequantityofthestuff.
Thedistinctionisimportantforscience,butdifficulttoperceivewithoutsubstantialexposuresto
thetwoterms.

Finally,technicaltermsarealsoproblematicbecauseoftheiresotericnature,butalsobecause
manyofthemarepolysemous(i.e.,theyhavemultiplemeanings).Inthecaseofthewordsheet,there
aremanycommonmeaningsofthewordthatareconcrete.Inscience,thewordsheetisoftenbased
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onthesamegeneralconcept(amovableplanewherephysical,biological,orchemicalprocesses
occur),buttheconceptisahighlyabstractone.Thewordsolutionbycontrast,hasonebasiccommon
meaning,andthatmeaningmightbetheintendedoneinasciencetext.Italsomightappearina
mathematicsclassastheanswertoamathematicalproblem.However,theesotericmeaningofsolution
inachemistryclassisactuallymoreconcretethanthecommonone.

Insummary,thereisanumberofissuesstudentsfacewhentryingtocomprehendacademic
texts.Thefirstisthedistanceinthedefinitionsthatcanexistbetweencommonandtechnicalterms.
Thesecondistheinterdependenceofthewordsoneachother.Thethirdisthepolysemanticfeatures
ofsomewords thatmakepreciseunderstandingsdifficult.Forstudentswithdisabilities, it isno
wonderthatlearningtechnicaltermscanbeanaggravatingandfrustratingprocess.Theiralready
weakvocabulariesandprocessingdifficultiesareexacerbatedbythedefinitionaldistanceandthe
interdependenceandiftheyhaveinefficientmemories(whichmanystudentswithdisabilitiesdo)
learningallthedifferentdefinitionsanddecidingwhentoapplywhichdefinitioncouldbeaharrowing
task(Jitendra,Edwards,Sacks,&Jacobson,2004).Theserealitiesunderscoretheneedforvocabulary
supportinonlinelearningenvironments,alearningcontextthatisalreadydemandingintermsofits
relianceonindependence(Barbour&Reeves,2009).

Choosing Vocabulary to Teach
Whileresearchershaverealizedthatstudentswithdisabilitiesneedsupportforlearningwords,only
recentlyhastherebeenaninterestinthespecificwordsthatstudentsneedtolearnthatwillbethe
mosthelpfultostudents,includingthosewithdisabilitiesastheyworktocomprehendtext.Scholars
suchasBeck,McKeown,&Kucan(2013)andZwiers(2008)haveadvocatedthatteachersengage
inwordstrategicsortingprocessestodeterminewhichwordstoteachaspartoftheircurriculum.

Beck,McKeown,andKucan(2013)advocateforathree-tieredapproachwhereTier1wordsare
regardedascommonwordsthatcanbelearnedwithlittleornoinstructionandTier3wordsareterms
reservedtospecificcontentareas.Tier2wordsarewheremostinstructionoughttobedirectedinthis
model.Thesewordshavevalueintheirimportanceinmultiplesubjectsinmultipleyearsofschooling.
Theyarealsowordsthatstudentsarelesslikelytoknowwithoutinstruction,althoughawordcanbea

Table 1. Non-vernacular terms in science and their common meanings

Sample 
Word

Common Meaning of the 
Term

Technical Meaning of the Term in Science Sample Scientific 
Sentence

Cleavage Thespacebetweenawoman’s
breasts

Adivisionofcellsormolecules;italsorefers
thewayinwhichmineralsbreakapartalong
aplaneofweakness

Thecleavagefurrow
containsactin,which
causescellstofinish
dividing.

Mass Areligiousserviceinthe
Catholicchurch;alarge
amount

Theamountofmatterabodycontains;it
canalsoformcompoundwordslikemass 
wasting,whichdescribesearthmaterial
beingtransporteddownslope

Themassofanobject
isrelatedtotheforce
requiredtoaccelerateit.

Matter Tocareortofindimportant Anysubstancethatoccupiesspace Mattercannotneitherbe
destroyednorcreated.

Sheet Abroad,thin,rectangularmass
ofmaterial;alargepieceof
clothorbedding;urbanslang
for“shit”

Amovableplanewhereaphysical,
biological,orchemicalprocessesoccur

Inbetasheetsamino
acidsarearrangedina
zigzagpattern.

Solution Theanswertoaproblem Theanswertoaproblem,butmore
commonly:ahomogeneousmixtureoftwo
ormoresubstancesinanystate(solid,liquid,
gas,plasma)

Asalinesolutionis
madeupofsaltand
water.
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Tier2wordevenifthestudentsknowit.Sincethesewordshavebothinterdisciplinaryandenduring
valueovertime,theyneedtobetaughtusingeffectivemethodsandtaughtbymultipleteachersin
multiplesubjectareasatmultiplegradelevels.Thenotionofwordtiersdoesnotmandatetoteachers
whichwordsshouldbetaught;judgmentaboutwhetheragivenTier2wordisimportanttoatext
athandandwhetherthestudentsalreadyknowthewordshouldalsobeconsideredbytheteachers.

Similar toBeck,McKeown, andKucan’s (2013) conceptionofvocabulary tiers, theZwiers
(2008)modelfocusesoncontentwordsthatarecriticalfordisciplinarytextsandtheconnectingand
academichighfrequencywordsthatgivethecontentwordstheircontextualizedmeaning.Thesetwo
typesofwordsarebroughttogetherinthemetaphorofawall(Dutro&Moran,2003).Thedomain
specificwordsarereferredtoasbricks.ThesecorrespondroughlytoBeck,McKeown,andKucan’s
(2013)tier3words.Theconnectingwordsarereferredtoasmortar,whichcorrespondroughlywith
tier2words.Zwiersdoesnotaddresstier1wordsinhismodel,presumablybecausehedoesnotwant
teacherstofocusonthosewhenplanningvocabularyinstruction.Whenstudentsunderstandboththe
“bricks”(domainspecificwords)andthe“mortar”(generalacademicwords)theycancomprehend
thewalloftextthatmightinitiallyseemimpenetrableanddaunting.Byadvocatingfortheteaching
ofbothtypesofwords,Zwiersmakesvisibletheentanglementbetweentypesofwordsasmeaning
isconveyedintext.

Vocabulary Instructional Support for Students With disabilities
Vocabularyisimportanttoschoolsuccess,especiallywhenschoolsuccessislinkedtosuccesswith
readingcomprehension(e.g.,Anderson&Nagy,1991;Cunningham&Stanovich,1986).According
to Jitendra, et. al (2004), studentswithdisabilities areknown tohave significantproblemswith
vocabularylearningforthreereasons.Thefirstreasonisthatstudentswithdisabilitiesdonotengage
inindependentreadingatthesamelevelthatstudentswithoutdisabilitiesdoandsotheirvocabularies
aregenerallyweaker(Adams,1990,Anderson&Nagy,1991;Baker,Simmons&Kame’enui,1998;
Cunningham&Stanovich,1986).Thesecondreasonisthatstudentswithdisabilitieslackstrategies
fordeterminingmeaningsofwordsfromcontexts,whichmeansthatitislesslikelythattheywould
learnnewwordssimplyfromreading(Pany,Jenkins,&Schreck,1982).Thethirdreasonis that
becauseofthelackofstrategicknowledgeamongstudentswithdisabilities,theyalsolackknowledge
aboutwordsandwordfeatures,whichalsoinhibitstheirabilitytofigureoutwhatnewwordsmean
andtostorethosewordsintheirmemoriesinwaysthatallowefficientretrieval(Bryant,Goodwin,
Bryant,&Higgins,2003).

Itisduetothesethreereasonsthatstudentswithdisabilitiesareinparticularneedofvocabulary
supportforreading.Thesupportstrategies thathavebeendocumentedtobehelpfulforstudents
withdisabilitiesare(a)keyword(mnemonic)strategyinstruction(b)cognitivestrategyinstruction,
(c)activity-basedmethods,(d)constanttimedelay(CTD)(e)directinstruction,and(f)computer
assistedinstruction(CAI)strategies(Jitendra,Edwards,Sacks,&Jacobson,2004).Definitionsof
thesetypesofsupport,astheyweredescribedbyJitendra,Edwards,Sacks,andJacobsonappearin
Table2.Thesestrategieshaveallbeentestedingeneraleducationclassroomsandspecialeducation
classroomsinbrickandmortarschools.Theyhavenotbeentestedinonlinecourses.Inaddition,CAI
oftenreliesonsomeotherstrategy,suchasdirectinstruction,thathasbeendesignedonacomputer
program.ThesestrategiesareusuallyallconsideredtogethertobeCAI.

Table 3 outlines these strategies in terms of strength and support. Essentially, most any
instructionalstrategyateacheruseshasthepotentialtohelpstudentswithdisabilitieslearnvocabulary,
butsomearestrongerthanothers.IntheirreviewJitendraandhercolleagues(2004)identifiedonly
twostrategiesasbeingcounterproductivetovocabularylearning.Thesewerelookingupdefinitions
inthedictionaryandusingwordlists.

Whilethereisnomagicnumberintheresearchonvocabularyforthequantityofwordsthat
shouldbetaughtinagiveninstructionalunittostudentsingeneralorwithreadingdifficulties,ithas
beensuggestedthatcurriculummakersoughttoconsiderthreethingsaboutawordbeforedeciding
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toteachit:(1)importanceandutility,(2)instructionalpotentialand(3)whetherandhowtheword
buildsonstudents’previousconceptualunderstandings(Beck,McKeown,&Kucan,2013).Inmost
cases,thismeansthatvocabularyinstructionshouldfocusondevelopingrobustunderstandingsof
fewerwordsratherthansuperficialunderstandingsofmanywords.

In summary, determining the words that are suitable for instruction is one that depends on
instructor judgment and will vary from teacher to teacher, grade to grade, and year to year. In
themeantime,providing instructional support for selectedvocabularyhasbeendemonstratedas
aneffectivepracticeforstudentswithdisabilitiesandmost typeswillmeetstatisticalcriteriafor
effectiveness.Thepurposeofthisstudywastodeterminethenatureofthevocabularysupportavailable
tostudentswithdisabilitiesinsciencecoursesintwowidelyusedonlinelearningenvironmentsand
onesciencecoursefromanenvironmentbuiltandmaintainedbypublicschoolteachersinarural
schooldistrictinthewesternUnitedStates.

METHOd

Thisstudyemployedadirectedapproachcontentanalysis. Ingeneral terms, this typeofcontent
analysisisconsideredhighlystructured(Hickey&Kipping,1996).Usingexistingtheoryorprior
research,researchersidentifykeyconceptsorvariablesasinitialcodingcategories(Potter&Levine-
Donnerstein,1999).Next,operationaldefinitionsforeachcategoryaredeterminedusingthetheory.
Theseinitialcodesanddefinitionsareusedasastartingpointforconductingtheanalysis.Sometimes
theseinitialcodesaredevelopedbasedonexistingliteraturemaychangebasedonthedatacollected,
buttheymightalsoremainthesame.

Inthisstudy,theinitialcodingcategoriesusedwerethefirstfivestrategiesJitendraandher
colleagues (2004) identified as being successful for students with disabilities. The operational
definitionscamefromstudiesreviewedintheirstudyaswell.TheCAIcodewasnotusedbecause
allstrategiesareusedinCAI,thecontentunderstudycamefromonlinecourses.

The main strength of a directed approach to content analysis is that existing theory can be
supported and extended. However, one of the main limitations of the directed approach is that
researchersapproachthedatawithaninformed,butstrongbias.Therefore,researchersmightbe
morelikelytofindevidencethatissupportiveratherthannon-supportiveofatheory.

Sincethepurposeofthisstudywasnottodefendvocabularysupportstrategies,butratherto
classify them inanattempt todescribecertain featuresofonlinecourses, thedirectedapproach
wasanappropriateoption.However,itwasalsoimportantduringthecodingprocesstobeopento

Table 2. Definition of types of vocabulary support for students with disabilities

Vocabulary Support 
Type

Definition

Keyword/Mnemonic Vocabularyislearnedthroughassociationswithsoundorimagerylinks.

Cognitive Vocabularyislearnedbyapplyingframeworksforunderstandingwordsassemanticnetworks.

Activity Vocabularyislearnedthroughdevelopmentallyappropriatediscipline-specifictasksthatare
highlypracticalinnature.

Constanttimedelay Vocabularyislearnedwhenaninstructorpresentsawordandimmediatelystatesitsdefinition.
Theinstructorthenrepeatsthewordthenpromptsthestudenttorepeatthedefinition.Multiple
trialsofthisformatoccuruntilerrorfreelearningisachieved.

Directinstruction Vocabularyislearnedthroughexplicit,systematicpresentationofwordsandmeanings.

Computerassisted
instruction

Engaginginanyoftheabovetypesoflearning,butwithapresentationalorinteractional
componentonthecomputer.
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findingtypesofvocabularysupportthatdidnotfittheexistingcategoriesbasedonJitendraandher
colleagues’(2004)workaswell.Twoofthesewerediscovered—narrativeandmetaphor—whichare
revealedinthefindingssectionandelaboratedoninthediscussionsection.

data Sources
Thevocabularywordswereextractedfromearthsciencecoursesintwoofthemostwidelyused
onlinelearningenvironmentsandoneearthsciencecoursefromanenvironmentgeneratedbyand
supportedbyteacherswhowerecurrentlyteachinginaruralschooldistrict.Theseonlinelearning
environmentshavebeengivenpseudonymsofAcme,LearningCo.,andStudentConnections.While
theseonlinelearningenvironmentsdonotrepresenteveryonlineenvironmentavailable,theirwide
availabilitymakes themmore likely tobeusedingeneral,which includesusedbystudentswith
disabilities.Wordswereextractedfrom30earthsciencecourselessonsineachonlineenvironment.
Membersof theresearch teamextractedaword if itwasdenoted in thecourseasakeywordby
(1)itsappearanceonawordlistanywhereinthelesson(2)itsdemarcationwithboldedlettering,
italicization,orhighlighting,and/or(3)itsappearanceasananswertoaquizquestioninthelesson.

Table 3. Vocabulary strategy support for students with disabilities

Type of Support 
Strategy

Description Strength of Support Key Empirical Support

Keyword/mnemonic
instruction

Usesakeywordor
similarsoundingword
coupledwithanimage
toassistmemorizationof
thenewword

Strongeffectsizesininitial
outcomesandmaintenance

Condus,Marshall,&Miller,1986;
Mastropieri,Scruggs,&Fulk,
1990;Mastropieri,Levin,Gaffney
&McLoone,1985;McLoone,
Scruggs,Mastropieri,&Zucker,
1986;Veit,Scruggs,Mastropieri,
1986

Cognitivestrategy
instruction

Providesstudents
patternsandtechniques
forunderstandingwords
insemanticnetworks

Strongeffectsizesand
transferacrossmultiple
studies

Anders,Bos,&Filip,1984;Bos,
Allen,&Scanlon,1989;Bos,
Anders,&Filip,1989;Bos&
Anders,1990;Bos&Anders,
1992

Activitybased
methods

Featuresdiscipline
specificactivitiesto
interactandengagewith
vocabulary

Strongwhenappropriately
structuredforbothshortand
long-termeffects

Gonzalez,et.al.;Mastropieri
&Scruggs,1992;Rutherford
&Ahlgren,1990;Scruggs,
Mastropieri,Bakken,&Bingham,
1993

Constanttimedelay Appliestrialsinwhich
aninstructorsaysaword,
repeatsthedefinitionand
thenasksthestudentsto
doso

Noeffectsizescalculated;
Errorfreelearningthatis
maintainedafter14weeks,
butnolarge-scalestudies
havebeenconducted

Gast,Wolery,Morris,Doyle,&
Meyer,1990;Hua,et.al.,2013;
Hudson,Browder,&Wood,2013;
Schuster,Stevens,&Doak,1990

Directinstruction Leveragesasupposed
relationshipbetween
vocabularyandreading
comprehensionbypre-
teachingwords

Moderateduetolimited
transfereffectsacross
studies

Pany,Jenkins,&Schreck,1982;
Pany&Jenkins,1978;Siefert&
Esplin,2012

Computerassisted
instruction

Employskeyword,
cognitive,ordirect
instructionintechnology-
basedformatsasan
alternatewayoflearning

Overallresultswerepositive,
butoutcomeswerelimited;
probablybecausecomputer
assistedinstructionrelies
onanotherformratherthan
beinganewone

Boettcher,1983;Herbert&
Murdock,1994;Horton,Lovitt,&
Givens,1988;Johnson,Gersten,&
Carnine,1987;Kennedy,Deshler
&Lloyd,2013;Koury,1996;
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Quizzesandotherformalassessmentsinthelessonswerenotconsideredvocabularysupport.Itisthe
wordsextractedfromthesesamplelessonsthatthecoderssearchedforandcataloguedthevocabulary
support.Theseextractedwordswerevisitedintheircontextswhilethetypesofsupportwerecoded.

developing Agreement Between the Coders
Twocodersconductedtheanalysis.Thecodersparticipatedinapproximatelytwohoursofcollaborative
trainingaboutwheretolocatethewordsforextraction,aswellastieredclassificationandunderstanding
variousstrategiesforprovidingvocabularysupport.Acodingmanualwasdevelopedconsistingof
categorynames,definitions,orrulesforassigningcodes,andexamples(Weber,1990).Additional
fields in the manual were added for taking notes as the coding proceeded. The manual evolved
throughouttheprocessofdataanalysis,andwasaugmentedwithinterpretivememos.Theinitial
codeswerederivedfromthereviewofliteratureonvocabularysupport.Sinceresearchhasidentified
bothtechnicaltermsandconnectivestructuresthatcanbedividedintotiers,aswellasbothstrong
andweakinstructionalsupports,wewereinterestedinallvocabularysupportfortechnicaltermsin
thesciencecoursesregardlessofclassificationorefficacy.

Inordertoascertaininter-raterreliability,thecodersfirstappliedtheircodingschemetoextracted
wordsfromasampleoflessonsfromthatwerenotincludedinthefinalset.Aconferencefollowed
thecodinginordertocomparefindingsandattainagreement.Thenextractedwordsfromasetof
lessonswerecoded.Anotherconferencefollowed.Afterthissecondconference,98percentagreement
hadbeenaccomplished.Thetwocodersthenproceededtoapplythecodestowordsextractedfrom
thelessonsthatwereincludedintheresearchstudy.Eachresearchercodedextractedwordsfrom
halfofthelessonsfrombothoftheenvironments.Atotalof974wordsweresupportedinallthree
environments.Notallofthesewordswereunique.Infact,manyoverlappedcompletelyletter-for-letter
andmostoverlappedatthewordfamilylevel.Forexample,thetermssample,sampled,sampling,
andsampleswouldallbeconsideredtobeinthesamewordfamily.Therewerealsomanywordsthat
sharedrootsandwordparts.Wordslikehydroelectricandhydrostaticareexamplesofwordswith
differentmeaningsbutshareacommonrootandhaveasimilarstructure.

Toincreasethetrustworthinessofthestudy,acorpusof164wordswasdevelopedfromthe
databaseof974extractedwords.Thesewordswereselectedtorepresentallofthewordfamilies
foundacrossallthreeenvironmentsandthevariousrootsandwordpartsfromthesupportedwords.
Thislistwasgiventoathirdresearcherwithexpertiseinassigningwordstotiersofvocabulary.After
theexpertassignedthewordstoTiers1,2,or3,resultswerecomparedwiththefirsttworaters.
Theagreementbetweentheexpertandfirstraterwas94percent.Theagreementbetweentheexpert
raterandthesecondresearcherwas92percent.Table4containsasamplingofthewordsandtheir
agreed-uponclassificationsintotiers.

data Analysis
Initialcodingstartedwithatheoryorrelevantresearchfindings.Inthiscase,thosefindingswere
related to the vocabulary support strategies in Table 2 (keyword/mnemonic, cognitive strategy,
activities,constanttimedelay,anddirectinstruction)thatdemonstratedpromiseinhelpingstudents
withdisabilitiesdevelopvocabularyskills.Then,duringdataanalysis, the researchers immersed
themselvesinthedataandallowedadditionalthemestoemerge.Thisapproachwasusedtoextend
theexistingempiricalbasisforvocabularysupportforstudentswithdisabilities.Datathatcouldnot
beidentifiedwereanalyzedlatertodetermineiftheyrepresentedanewcategoryorsubcategoryof
anexistingcode.Whenwordsweresupportedusingmultiplestrategies,eachstrategywascounted.
Thus,asupportedwordwasonlyaddedtoatieronce,nomatterhowmanystrategieswereused,but
eachstrategyforawordwascountedasauniqueevent.
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Findings
Thefindingsofthiscodingrevealedthatthereisindeedvocabularysupportoccurringinthethree
learningenvironments.Table5reportsthedistributionofthewordsthatweresupportedintoBeck,
McKeown,andKucan’s(2013)tiers.

Although30lessonswereusedfromeachearthsciencecourse,thenumberofwordssupported
ineachofthetiersvaries.Figure1providesaside-by-sidecomparisonofeachofthetiersforeach
ofthecourses.

TheAcmeearthsciencecoursesupportedthemostwords,byfar.Thevastmajorityofthese
supportedwordsweretier3words.LearingCosupportedsubstantiallylessinallthreecategories,
asdidStudentConnections.

ThenextsetofFigures(2-4)providespercentagesoftieredwordsineachcourse.
Asthegraphshows,94percentofthewordssupportedintheAcmeearthsciencecoursearetier

3words.Only5percentaretier2.Onepercentaretier1.
IntheLearningCoearthsciencecourse,87percentofthesupportedwordsaretier3words.

Fourpercentareintier2.Ninepercentareintier1,thetierthatshouldhavetheleastsupported
wordsincurriculum.

TheStudentConnectionsearthsciencecoursealsosupportedamajorityoftier3words,with
73percent.Thiscoursehadthegreatestpercentageiftier2words,with18percentofwordsfalling
intothattier.Ninepercentofthewordssupportedcamefromthefirsttier.

ThenextsetofFigures(5-7)reportsonthetypesofsupportineachoftheenvironments.The
averagenumberoftimesawordwassupportedinallthreeenvironmentswas1.3.Typically,thewords
thatweresupportedmorethanonceweredefined(directinstruction)andthenstudentsperformed
ataskwiththewords(activity)orwereshownthewordsinrelationshiptooneanotheronatable
orgraph(cognitivestrategy).Themeanscoreof1.3supportstrategiesindicatesthatmostwords
weresupportedonlyonce.Therewereveryfewwordssupportedtwiceorwithmorethantwotypes
ofsupport.Nowordsweresupportedmorethanthreetimeswithmorethanthreetypesofsupport.

Table 4. Examples of tier assignments from raters

Tier 1 Words Tier 2 Words Tier 3 Words

Beach Forecast Aquifer

Cloud Horizon Conductivity

Color Hypothesis Metamorphic

Freezing Manipulation Epicenter

Rain Texture Erosion

Water Variable Watershed

Table 5. Tiered distribution in online earth science courses

Tier 1 Tier 2 Tier 3

Acme 6 28 582

LearningCo. 20 10 208

StudentConnections 11 22 87

Total 37 60 877
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TheAcmeearthsciencecoursevocabularysupportconsistsmostlyofdirectinstruction,with
49percentofthesupportcominginthatform.Thenexthighestcategorywascognitivesupport,
with27percent.Thethirdhighestwasactivitywith24percent.Therewasnovocabularysupportin
keywordorconstanttimedelayform.

LearningCo’searthsciencecoursealsoreliedheavilyondirectinstruction,with62percentof
supportfallingintothatcategory.Thirtypercentofthesupportwascognitive.Only8percentwas
drivenbyactivity.AsinAcme,keywordandconstanttimedelaystrategieswerenotemployed.

Figure 1. Comparison of tiered words in three online earth science courses

Figure 2. Acme percentages of tiered words



International Journal of Web-Based Learning and Teaching Technologies
Volume 13 • Issue 2 • April-June 2018

55

Unliketheothertwocourses,StudentConnections’earthsciencecoursehadthemajorityof
thesupportinactivities,with40percent.Directinstructionwasstillamajorsourceofsupportwith
30percent.Only11percentofthesupportwasbasedoncognitivestrategies.Studentconnections’
courseutilizedkeywordstrategiesfor4percentofthesupport,constanttimedelaywasnotusedat
all.Inaddition,thereweretwonewstrategiesused.Onestrategywastotellastoryabouttheword.
ThiswascodedasNarrativesupport.Sevenpercentofthewordsweresupportedinthisway.Another
strategyused8percentofthetimewastoembedthewordsintoametaphorandthenexplorethe
wordsandthemetaphortogether.Oneexampleofthishappenedwhenthecoursematerialslikened
thesolarsystemtoarunningtrack.

Figure 3. LearningCo. percentages of tiered words

Figure 4. Students connect percentages of tiered words



International Journal of Web-Based Learning and Teaching Technologies
Volume 13 • Issue 2 • April-June 2018

56

dISCUSSION

Thefindingsofthisstudyhighlighttheabundanceofwordsreceivingattentionintheonlineearth
sciencecourses.Whileitcouldbearguedthatitisunlikelystudentswillbeabletomakemeaningful
useofthesheernumberofwordsthathavebeenselectedandsupportedinthesecourses,whatis
additionallytroublingisthefactthatthenumberandtypesofwordschosendonotseemtohavebeen
strategicallyselectedtofacilitateabroadcommandofacademiclanguagebasedonthenotionoftiered
vocabularyinstruction.Instead,alimitednumberofwordsshouldbechosenthatareimportanttothe
text,thetopicathand,andgenerallyappearathighfrequencies(Beck,McKeown,&Kukan,2013).

Figure 5. Acme percentages of vocabulary support

Figure 6. LearningCo. percentages of vocabulary support
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Anothermajorfindingwasthatdirectinstructionwasthedominantmodeofsupport,eventhough
itisnotthenecessarilythemosthelpfulforstudentswithdisabilities(Jitendra,Edwards,Sacks,&
Jacobson,2004).Othershavenotedthatdirectinstructionishelpfulfordisabilities,butonlyinconcert
withrepeatedexposuresacrossmultiplecontextsusingmultiplestrategiestohelpstudentsdevelop
deepwordconsciousness(Bryant,Goodwin,Bryant,&Higgins,2003).Theaveragenumberoftimes
avocabularywordwassupported(1.3forallenvironments)demonstratesthatthisrepetitionwasnot
occurringandthefactthatmanyofthewordsaretier3wordssuggeststhatthewordsthatshould
havemultipleexposures,donot.

Takentogether,thesefindingssuggestthatstudentswithdisabilitieswhoareenrolledinonline
coursesmaynothaveaccesstothetypeofvocabularyandthestrategiesforsupportthatwillhelp
themcross thelexicalbar(Corson,1984).Althoughonlineinstructionhas thepotentialforeasy
modificationofcontent, theenvironments in thisstudydidnotallowonlineteachersor learning
coaches,whoareoftenparents,tochangethenumberortypesofwordsthatreceiveattentionor
howthosewordsaresupported.Advocates,andotheroverseersofstudents,particularlythosewith
readingdifficulties,willlikelyneedtoprovideadditionalsupportinsortingthevocabularywords
andselectingstrategiesthatmovebeyonddefinitionsandpicturesthatfacilitatelearning.Although
thenamesofthecompaniessupportingtheseonlinecourseshavebeenchangedtopseudonyms,this
studyderivesvaluefrombringingattentiontothefactthatvocabularyidentificationandsupportwill
needtobevettedbyparentsandeducatorslookingforonlinecoursesforstudentswithdisabilities.

RECOMMENdATIONS FOR AddITIONAL RESEARCH

Vocabularysupportinonlinecoursematerialsoffersafruitfulvenueforinvestigation.Someofthenew
questionsthatemergeincludeinquiringintothewaysinwhichthestudentsexperiencethevocabulary
support,determiningtodegreetowhichtheynoticeandattempttousethesupport,monitoringwhich
wordsarelearned,andhowlongthatlearningisretained,anddesigningandpilotingvocabulary
instructionalmaterialsthatcanbeembeddedinonlinecoursematerial(asopposedtosupplementary
drills)thatsupportstudentswithreadingdifficulties,butalsoattendtoabroaderrangeofdiverse
learners.AnareaofpromiseforresearchersalsoemergedintheStudentConnectionsearthscience

Figure 7. Student connections percentages of vocabulary support



International Journal of Web-Based Learning and Teaching Technologies
Volume 13 • Issue 2 • April-June 2018

58

coursewith itsuseofnarrativeandmetaphorasvocabularysupportstrategies.Newstudies into
vocabularyinstructionmightlookatwhetherteachersinface-to-facecontextsarealsoproviding
supportusingthesestrategiesandtowhatextent.Researchmayalsolookintowhetherthesestrategies
aremore/lesseffectivethanotherforms.
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